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1. ~troduetion 
Alt~~ou~ antibodies against actin have been exper- 
imentally produced in animals in recent years [ 1 ], a 
major handicap in the irnrnunochemical approach to 
actin is the poor immunogenicity of this antigen. Its 
highly conservative sequence has necessitated mocii- 
fication such as unfolding [ 21, insolubilization [ 3 ] or 
chemical linkage to particles [3] of this protein to 
promote immune responsiveness, but the antibody 
titers remained low f4f and the response uncertain 
[ 1 ]. Another difficulty is the apparent non-discrim- 
inating properties of most antisera to different sources 
of actin [ 11 which did not reflect the amino acid sub- 
stitutions found by sequence analysis [S]. 
Here we describe an efficient method for producing 
anti-actin antibodies with a relatively high titer. We 
also present a quantitative study of the antigenic 
reactivity of unfolded and polymerised actins from 
rabbit and dog-fish striated muscles as well as from 
chicken gizzard. 
2. Materials and methods 
Rabbit, dog-fish and chicken actins were purified 
from acetone powders [6]. Their homogeneities were 
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checked by S~S-acrylam~de electrophoresis 173. 
Viscosity determinations were done at 2°C using a 
Fica Viscosimatic MS viscosimeter. Actin concentra- 
tions were measured by its at Azse [8] or using the 
Lowry method [9] for unfolded forms. Rabbit 
performic acid-oxidized actin was obtained and 
analyzed as in [ 1 O]. This oxidized-actin was further 
purified by SDS-acrylamide preparative electro- 
phoresis using the Buchler Poly-Prep 100 Apparatus 
under analytic conditions [7]. Actin was S-carboxy- 
methylated in 8 M urea with iodoacetic acid [ 111. 
Antiserum to oxidized rabbit actin was induced in 
sheep as follows: 4 mg protein was emulsified in 
1.5 ml complete Freund’s adjuvant (Difco) and 
injected by multisite intradermic procedure in the 
neck of the animal. Booster injections were given 
intramuscularly 1 month after the first injection and 
every 2 weeks, using the same quantity of emulsified 
antigen. Blood (500 ml) was taken 8 days after every 
booster injection and the antibody titers tested by 
immunodiffusion [ 121 against S-carboxymethylated 
actin. Anti-actin antibodies were isolated [ 131 from 
the sixth month antiserum on a rabbit S-carboxy- 
~1ethyIated actin Sepharose 4B immunoadsorbant 
column. 
Immunofluorescence localization was obtained by 
the indirect method [ 141. Antigenic reactivity of 
actins was checked using a magnetic solid phase 
enzyme immunoassay [ 151 with alkaline phosphatase 
from E. coli (Sigma) as the enzymatic marker. 
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Aspartlc acid 34 
Threonme 28 
Serme 22 
Glutamlc acid 39 
Prolme 19 
Glycmc 28 
Alamne 29 
Methlonme 16 
Methionme sulfone 0 
Isoleucine 29 
Leucme 26 
Tyrosme 16 
Phenylalanme 12 
Histidme 9 
Lysme 19 
Argmme 18 
Tryptophan 4 
Cysteme 5 
Cystetc acid 0 
Cystme 0 
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3. Results and discussion 
The ammo acid composltlon of the performic acld- 
oxidized actm 1s given m table 1 together with that of 
native rabbit muscle actm [ 161 This result shows that 
cysteme. methlomne and tryptophan residues are 
almost quantitatively oxldlzed, the other residues 
being unaffected Electrophoretlc analysis (fig 1) 
revealed that no contammatlon by degradation or 
polymerlsatlon products remained m repurified 
oxtdlzed-actm before lmmumzatlon 
The speclficlty and the enhancement of the 
immune response between the first and the sixth 
month 1s illustrated m fig 2 Only one precipitating arc 
1s observed between non purified S-carboxymethylated 
actm and the two antisera The high antibody titer of 
the sucth month antiserum was confirmed after 
adsorption on lmmunoadsorbant -1.50 mg purified 
antibodies were isolated from 50 ml antiserum Their 
activity was checked by lmmunodlffuslon (fig 2) 
against unfolded actm and by indirect fluorescence 
on myofibrlls m rat skeletal muscle sections (fig 3) 
No secondary preclpltatlon arc or spurs with first or 
sixth month antlsera IS observed and the fluorescence 
1s localized m the I-band It appears from these results 
that the oxldatlon of sulphur residues and tryptophans 
had strongly enhanced the lmmunogemc capacity of 
@- 
_ 
‘ 
Table I 
Ammo acid composition of rabbit performic acid-owd1ze.d 
actm after 24 h hydrolysis 
Ammo acid Ammo acid composition (res /mol) 
Native actm Oxidized actm 
35 8 
27 9 
22 2 
40 9 
17 8 
28 
27 9 
trace5 
14 8 
27 6 
24 5 
15 3 
12 8 
84 
18 
173 
0 
0 
48 
0 
Fig I Electrophoretlc analysis on SDS-polyacrylamlde gel 
of repurified performlc acid-owdlzed actm (SO pg) from 
rabbit striated muscle 
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Fig.2. Immunodiffusion test of actin-anti-actin interactions 
after 48 h. (S,), preimmune sheep serum; (AS), first month 
antiserum; (AS),, sixth month antiserum; (S),, sixth month 
antiserum adsorbed on S-carboxymethylated actin-Sepharose 
4B immunoadsorbant column and concentrated (JO X) by 
ultrafiltration; (Ab),, isolated antibodies (3 mg/ml) from 
sixth month antiserum; (Ag), non-purified S-carboxy- 
methylated actin (1 mg/ml) from rabbit skeletal muscle. 
rabbit muscle actin. A similar conclusion was drawn 
of creatine kinase from an immunochemical study 
[lo]. The reactivity of antibodies to filamentous 
actin observed by indirect fluorescence on myofibrils 
revealed that antibodies to accessible determinants on 
the thin fir/aments have been elicited, but the ampli- 
tude of this crossreactivity was not appreciable. 
The antigenic crossreactivity of unfolded and 
polymerized rabbit actins checked by enzyme- 
immunoassay is illustrated in fig.4. In 0.1 M KC1 
Fig.3. Immunofluorescent staining of fresh frozen sections from rat skeletal muscle using purified sheep anti-oxidized actin 
antibodies (20 @g/ml) and FITC rabbit anti-sheep IgG. 
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Antigen added ( Ug ) 
1.1:: 4 Quantltdtmn of antigemc redctivit) of untl,lded S-carbo\ymethyldted dctm m 0 1 hl KCL (o--o) OI 2 11121 hlgC1, (A -A) 
and polymerl7ed actm m 0 1 hl KCI ( -s-s), 0 1 21 KC1 + 2 mM hIgC1, (‘1-0) or 2 mM hlgC1, (\- -) Antlgens were incubated, 2 h 
at 20 C, hlth 50 ~1 msolublhzed Ab (25 pg) m 1 ml 2 mhl Tr19, 0 2 mhl ATP. 0 1 mhl CaCl,. 1% BSA (pH 7 4) butter supple- 
mented by <aIts used for polymerlzdtlon Partlclez were washed 6 times with the same buffer and remcubdted in the same condl- 
tlons with 20 ~1 (40 W(B) of dlkalme phobphdta\e-dntlbodles (2 1, W/L+) glutaraldehyde copolymerlzcd After 6 udshmgs as above, 
the solid phase was supplemented hit11 1 ml 2 mM I_‘-mtrophenylphosphate m 1 M Trrq HCl (pH 8) And incubated for 30 mm dt 
20°C The reactlon was stopped with 100 ~1 10 N NaOH and 3,,,, read The results are expressed m pmol hydrol} zed 
substrates mu-’ 
Antigen added (wg) 
rag 5 Quantltatlon of changes m dntlgemc rcactlvlty ot ndtlve actin with temperature Incredsmg G-&m concentrations in 0 1 hl 
KC1 butter uerc mcubdted 24 h It 20°C ( -c) or dt 2’C (a-a), their specific vlscosltles and the crltlc,d concentrations (Cc) being 
evaluated at 2’C Ahquots for m,munoa\\Jys were removed .xnd Incubated at 2O’C (c -0) or 2°C (0-0) as m fig 4 with mcubdtlon 
times of 12 h to tdhe account of temperature etfect on immune mteractions 
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Fig.6. Immuno-crossreactivities of unfolded actins (full symbols) and 0.1 M KC1 + 2 mM MgCI, polymerized actins (open symbols) 
of striated-muscle from rabbit (o-0, o-o), dog-fish ( A - A, n-a) and smooth muscle from chicken gizzard (a-=, o-o). Immuno- 
assay conditions were as described in the legend to fig.4 
buffer, a sigmoid curve is obtained between 0.01 pg 
and 1000 pg for unfolded actin with a roughly linear 
part between 0.1 pg and 100 pg. In F-actin assay the 
response is shifted towards higher antigen concentra- 
tion and its amplitude is about 65% of that of the 
unfolded actin. This result is unmodified when 
polymerization process is induced by 0.1 M KC1 
supplemented by 2 mM MgC12. At low ionic strength 
in 2 mM MgCl* (fig.4) a loss of dose responsiveness i  
observed for unfolded and filamentous actins, but 
their crossreactivity is similar to that observed at 
higher ionic strength. On the other hand when the 
critical concentration needed for actin polymeriza- 
tion [ 171 is shifted [8] from about 40 pg at 20°C to 
about 400 pg at 2°C (fig.S), no change is observed in 
the reactivity curve of actin to its antibodies. It 
appears therefore that rabbit muscle F-actin 
polymerized in different conditions retains, towards 
anti-unfolded actin antibodies, 65% of the reactivity 
of the polypeptidic chain and confirms quantitatively 
its ability to fix antibodies on the I-band of myofibrils. 
Moreover native actin which has been described as a 
monomeric form in 0.1 M KC1 below the critical con- 
centration [ 171, has the same reactivity as does the 
filamentous form, it is possible that polymerization 
sites were not immunogenic in performic acid-oxi- 
dized actin. 
The reactivity of anti-rabbit oxidized actin anti- 
bodies to other muscle actins i illustrated in fig.6. It 
appears that the filamentous actins from smooth and 
striated muscles from bird, cartilagenous fish and 
mammal are not differentiated, but the unfolded 
forms cross-react with rabbit muscle actin to the 
extent of 75% for gizzard actin and 95% for dog-fish 
muscle actin. This result could reflect the small differ- 
ences in amino acid sequences of actins from chicken 
gizzard [S], trout striated muscle [IS] and rabbit 
skeletal muscle [ 161. 
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